ABSTRACT. The effects of species of seagrass (Zostera capricorni and Posidonia australis) on spatial and temporal heterogeneity in the demography of estuarine populations of the palaemonid prawn Macrobrachium intermedium across 65 km of the Sydney region, southeastern Australia, were examined. Three estuaries were sampled in 1983 and 1984 to assess the magnitude of intra-and interestuary variability in demographic characteristics among populations. Species of seagrass had no effect on the demographic patterns of populations: differences in the magnitude and directions of change in abundances, recruitment, reproductive characteristics, size structures and growth were as great among populations within each species of seagrass as those between the 2 seagrasses Abiotic factors, such as the location of a meadow in relation to depth of water and distance offshore, and the interactions of these factors with recruiting larvae are hypothesised to have greater influence than the species of seagrass in determining the distribution and abundance of these prawns. Spatial and temporal heterogeneity in demography was similar across all spatial scales sampled: among meadows (50 m to 3 km apart) in a n estuary and among meadows in all 3 estuaries (10 to 65 km apart). Variability in demographic processes among populations in the Sydney region was most likely due to stochastic factors extrinsic to the seagrasses then~selves. I conclude that the demography of seagrass-dwelling estuarine populations of M. lntermedium is basically the same throughout the Sydney region, but differs to that of populations of M. intermedium in seagrasses occurring a t higher latitudes in southeastern Australia. This study emphasises the need to consider spatial and temporal heterogeneity in the demographic processes of a species over various scales to assess the magnitude of flexibility in its life history throughout its distribution.
INTRODUCTION
Intraspecific variations in the life histories and population dynamics of many marine organisms have been demonstrated over various spatial scales, environmental gradients and throughout time (Strong 1972 , Stearns 1976 , 1977 , Fletcher 1984 , Etter 1989 . Studies on the demography of estuarine and nearshore palaemonid prawns have revealed intraspecific variations among populations occurring in [Beck & Cowell 1976 , Berglund 1980 , 1982 , Alon & Stancyk 1982 , Emmerson 1985 , 1986 , Gray 1991 ]. In many of these studies, however, explanations for the differences in demography have been confounded. For example, studies on Palaemonetes pugio (Alon & Stancyk 1982) and Palaernon pacificus (Emmerson 1986 ) indicated that certain aspects of their demographies (abundances, reproduction, recruitment, growth and size-structures) differed between populations in different estuaries in the same general geographic region, but also were influenced by different environmental conditions. Both Alon & Stancyk (1982) and Emmerson (1986) , however, did not quantitively assess variability within each population or among populations within each estuary. Further, Alon & Stancyk (1982) did not consider whether differences in demographies between estuaries were consistent in different years. This lack of within-estuary comparisons relies on the assumption that the particular population under study in each estuary is representative of all populations in that estuary, whilst a study which lasts only 1 yr relies on the assumption that patterns are the same in all years.
In the companion paper (Gray 1991) , I show that spatial and temporal variability (across 3 yr) in the demography of 2 populations of the palaemonid prawn Macrobrachium intermedium (hereafter 'Macrobrachium') in Zostera capricorni and Posidonia australis seagrass meadows in one estuary, Port Hacking, (New South Wales, Australia) was similar to, and of the same magnitude as, the inter-estuary variability in demography described by Alon & Stancyk (1982) and Emmerson (1986) . Further, the magnitude of year-to-year variability in demography of each population in Port Hacking was similar to the variability between populations within each year. 1 also found that there were no consistent year-to-year differences in the demography of Macrobrachium in these 2 seagrass meadows, hypothesising that species of seagrass had no effect on the demography of Macrobrachium. Further, the general demographic pattern of Macrobrachium in Port Hacking differed to that found previously by Walker (1979) , Howard (1981 Howard ( , 1984 and Howard & Lowe A U S T R A L I A (1984) for populations in higher latitudes in southeastern Australia. The consistency of patterns of demography among populations of Macrobrachium in different areas within each of these geographic regions clearly needs to be determined. Further, assessment of variability among populations in similar and different habitats within each geographic region may give some insight into the effects of habitat on the Life history characteristics of this species.
In this paper, I investigate the extent of both intraand inter-estuary variability in the demographic characteristics of populations of Macrobrachium in 2 in 3 estuanes (10 to 65 km apart). I also provide inforestuanes studed: P~ttwater, Botany Bay and Port Hacking mation on similarities in the demography of this species in one estuary in studies carried out 7 yr apart. Finally, I compare the magnitude of spatial heterogeneity to temporal heterogeneity and determine seasonal consistencies in spatial heterogeneity for populations of Macrobrachium in these estuaries.
MATERIALS AND METHODS
Study area. Sampling was done in Zostera capncorni and Posidonia australis seagrass meadows in 3 estuaries (Pittwater, Botany Bay and Port Hacking) across 65 km of the Sydney region, southeastern Australia (Fig. 1) . Zostera and Posidonia meadows in Careel Bay (Pittwater), Quibray Bay (Botany Bay) and at Costens Point (Port Hacking) were sampled seasonally (every 3 mo) between January 1983 and April 1984. Additional Zostera and Posidonia meadows at Palm Beach (Pittwater) and Towra Point (Botany Bay) were sampled in October 1983 , January 1984 and April 1984 . Distances between meadows ranged from 50 m between adjacent Zostera and Posidonia meadows to 3 km between meadows of the same species of seagrass in different areas in an estuary, and up to 65 km between meadows in different estuaries. All meadows were located in the lower reaches of the estuaries, and influenced predominantly by marine conditions; water salinity ranged between 22 and 35 ppt at the time of sampling in all meadows (Fig. 2) . Seasonal changes in water temperature were similar at all meadows, ranging between 14.1 and 22.6"C at the time of sampling (Fig. 2) . Zostera meadows were generally located in shallower water depths (1.2 to 1.5 m at high tide) than Posidonia meadows (1.3 to 2.4 m) (Fig. 2) .
Sampling procedure. All meadows were sampled on consecutive days in the middle month of each season, within 3 d of the full moon and within 2 h of the morn- (Gray & Bell 1986 ), 1 m wide and 0.5 m high with 2 mm mesh in the body and 1 mm mesh in the cod end of the net, at a constant speed behind a small boat over premeasured 20 m strips of seagrass. Six replicate trawls were done on adjacent but non-overlapping strips of seagrass in each meadow on each sampling occasion. Six trawls were found to minimize variance among replicate trawls with respect to the time taken to collect samples and to the sizes of meadows (Gray 1985) . Prior to trawling, the depth, temperature and salinity of water at each meadow were recorded.
All Macrobrachium from each sample were preserved in 10 % formalin, transported to the laboratory, counted, sexed and measured (carapace length; CL) as described in Gray (1991) . Juveniles were defined as prawns < 3.1 mm CL.
RESULTS

Spatial and seasonal heterogeneity in abundances
For populations sampled on all 6 censuses, abundances of Macrobrachium varied among meadows and among seasons (significant interaction in ANOVA; Table 1 ). The numbers of Macrobrachium caught usually differed between the Zostera and Posidonia meadows in each estuary in each season. Abundances were greater in Zostera, except in winter in all estuaries and in autumn 1983 in Port Hacking, when there were no differences in the numbers of Macrobrachium caught in each Zostera and Posidonia meadow, and in spring in Port Hacking, when Macrobrachium were more abundant in Posidonia (SNK tests based on data in Fig. 3) . In each season, the numbers of Macrobrachium caught among meadows of the same species of seagrass varied among the 3 estuaries, but no particular meadow or estuary consistently supported the largest populations (Fig. 3) .
Seasonal changes in the numbers of Macrobrachium caught were generally similar in all meadows/estuaries (Fig. 3) . Abundances of Macrobrachium were usually greatest in summer and least in winter. Two exceptions to this (and cause of the meadow X season interactions in the ANOVAs of these data; Tables 1 & 2) were the Posidonia meadow in Careel Bay, which showed no change after winter 1983, and the Posidonia meadow in Port Hacking, where greatest abundances occurred in spring 1983 (SNK tests based on data in Fig. 3 ) . Intraand inter-estuary variability in the magnitude of sea- 
Season
greater between the Zostera and Posidonia meadows than between meadows of the same species of seagrass total numbers of individuals caught in ( 0 ) Zostera capricorni and (a) Posidonia australis meadows in Pittwater, Botany Bay and Port Hack~ng sonal change in the numbers of Macrobrachiurn caught was similar (Fig. 3 ) .
There was no consistent effect of seagrass species or estuary on the numbers of Macrobrachium caught in Pittwater and Botany Bay over the final 3 sampling periods (significant species of seagrass x estuary interaction In ANOVA; Table 2, Fig. 3 ). In Botany Bay, abundances of Macrobrachium differed as much between the 2 Zostera meadows as between the Zostera and Posidonia meadows. In Pittwater, however, differences in abundances of Macrobrachium were Abundance of juveniles The numbers of juvenile Macrobrachium (defined as < 3.1 mm CL) caught varied among meadows and seasons (ANOVA; Table l , Fig.4) . Again, there were no consistent trends as to which species of seagrass or in which season the greatest numbers of juveniles were caught (SNK tests based on data in Fig.4 ). Juveniles were caught in greater numbers in Zostera in autumn 1983 in all estuaries, whereas in autumn 1984 there were no differences in the numbers of juveniles in Zostera and Posidonia, except at Palm Beach (Pittwater) (Fig. 4) . In spring, juveniles were caught in greater numbers in Zostera in Careel Bay (Pittwater), whereas in Port Hacking they occurred in greater abundances in Posidonia, whilst at both localities in Botany Bay and at Palm Beach (Pittwater) their abundances did not differ between Zostera and Posidonia (Fig.4) . At all other times, similar numbers of juveniles were caught in Zostera and Posidonia in each estuary (Fig. 4) . Generally, juveniles were usually caught in greater numbers in autumn and spring than in winter and summer (Fig. 4) .
Reproductive characteristics of populations
Ovigerous female Macrobrachiurn were present in all meadows in all seasons (Fig. 5 ) and the sizes of the smallest ovigerous females caught were similar in all meadows: between 5.0 and 5.3 mm CL (Fig. 5) . Again, there were no consistent patterns in which species of seagrass or season the greatest numbers and percentages of ovigerous females occurred, both within and among estuaries (significant interaction terms in ANOVAs; Table 1 , Fig. 5 ). In some seasons/estuaries the abundances of ovigerous females and the percentages of ovigerous females were greater in Zostera (e.g. Pittwater and Port Hacking in autumn 1983), whereas in other seasons/estuaries the opposite occurred (e.g. Botany Bay in summer 1983; Port Hacking in spring and summer 1984) (Fig. 5 ) . Generally, however, ovigerous females were least abundant in winter, but no general patterns were discernible for the percentage of ovigerous females (Fig. 5) .
Size-structures of populations
There were no striking intra-and inter-species or intra-and inter-estuary differences in the size structures of the populations of Macrobrachium sampled (Fig. 6 ) . Despite the number of cohorts, with their rela- tive predominance and mean size varying among size groups were evident (Fig. 6 ) and at some sites, for populations, seasonal changes in size-structures of example Zostera in Careel Bay and Posidonia in Port each population were basically the same and equally Hacking, a smaller male and female size class was also variable in all meadows (Fig. 6) . In summer 1983, the evident. By autumn 1983 a juvenile size group had slze structures of most populations were either bimodal appeared in all meadows (except Posidonia in Careel or polymodal. In all meadows, distinct male and female Bay) and all other cohorts had increased in mean size so that a large male and large female size group dominated most populations (Fig. 6) . By winter 1983, most of the larger male and female cohorts had either declined or disappeared. In most meadows, however, some individuals of most size groups were present but no pattern was apparent due to the small numbers of Macrobrachium caught. By spring 1983 the size-distributions of most populations were polymodal. This was the season when the size-structures of the different populations varied most. Some meadows were dominated by
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juveniles (e.g. Zostera in Careel Bay), whilst other populations consisted primanly of sub-adults and adults (e.g. Zostera in Botany Bay; see Fig. 6 ). There were very few juveniles in any of the populations by summer 1984, and in most meadows cohorts had increased so there were 2 larger size groups for each sex. The size-structures of most populations in summer 1984 were similar to that in summer 1983 and changes between summer 1984 and autumn 1984 were similar to that in the previous year except that juveniles were present only in the Zostera meadow at Palm Beach the major factor responsible for determining the com-(Pittwater) and in both meadows in Port Hacking position, distribution and abundance of organisms in (Fig. 6) . The size structures of the additional populaseagrasses. tions sampled in Pittwater and Botany Bay between Variations in the demographic characteristics of spring 1983 and summer 1984 were similar to that populations of Macrobrachium among meadows (irredescribed above. Variability in the size structures of populations was equally as great among populations in meadows of the same species as that among meadows of different species and also within each estuary as among estuaries.
Growth
Growth of Macrobrachium was estimated by changes in the mean sizes (CL) of cohorts between seasons. Individual cohorts of different mean sizes were extracted from the size frequency data for each meadow in each season using probability paper (Cassie 1954 ) and plotted against time. In each season, cohorts of similar mean sizes were present in most meadows and changes between seasons in the mean sizes of cohorts of similar size were similar in all populations (Fig. 7) . In all populations females grew quicker and reached a larger mean maximum CL than males (Fig. 7) . The maximum mean CL of cohorts were similar in all meadows: males 5.0 to 5.5 mm CL; females 7.0 to 8.0 mm CL.
DISCUSSION
Effects of seagrass species
In the companion paper (Gray 1991) , I show that differences in abundances, recruitment, reproduction, growth and size-structures of populations of Macrobrachium in adjacent Zostera and Posidonia meadows were not consistent through time, hypothesising that these seagrasses had no effect on these aspects of its life-history. The present study (sampled 7 yr later) shows that this hypothesis holds true for populations of Macrobrachium throughout the Sydney region; there were no consistent differences in any demographic variables of populations of Macrobrachium in Zostera and Posidonia meadows throughout the 3 estuaries sampled. Stoner (1983a) and Lewis (1984) reported that abundances of some species of crustaceans in different seagrasses were not consistently different. In contrast, other studies have found differences in abundances of certain species or groups of organisms between different species of seagrass (Martin & Cooper 1981 , Young 1981 , Stoner 1983a , b, Lewis 1984 , Middleton et al. 1984 , Virnstein & Howard 1987 . Nevertheless, results from most studies suggest that species of seagrass is not spective of species) were not similar estuary-wide, appeared unique to each meadow/time, and were probably caused by factors extrinsic to the seagrasses themselves. Some variability in abundances of Macrobrachium among the different meadows may have been due to differences in the depth of water and the location of meadows in an estuary. Bell & Westoby (1986) and Bell et al. (1988) proposed that the distributions and abundances of fish and decapods in seagrasses may be a result of the interactions of the distributions and abundances of larvae and their patterns of settlement (onshore-offshore and upstream-downstream) and the location of meadows in an estuary. Young & Carpenter (1977) proposed a similar hypothesis to explain the distributions and abundances of postlarval penaeid prawns in estuaries. Onshore-offshore differences in settlement of larvae have been hypothesised to explain differences in the ichthyofauna between Zostera and Posidonia meadows (Middleton et al. 1984 , Bell et al. 1988 ) and may also explain why I caught most juvenile Macrobrachium in Zostera meadows. Most Zostera meadows I sampled occurred in shallower water, < 0.5 to 1.0 m, and were located closer to shore than Posidonia meadows. Similarly, Young & Carpenter (1977) found that postlarval penaeid prawns settled in greater densities in seagrasses in shallow (littoral) than in deeper (infralittoral) depths of water. Further, among the Zostera meadows I sampled, least Macrobrachium were caught at Towra Point in Botany Bay, which lies at a greater depth and further offshore than the other Zostera meadows, and is therefore similar in location to most Posidonia meadows. Wadley (1980) found that abundances of Macrobrachium in Posidonia meadows decreased with increasing depth (1 to 4 m). In contrast, Baden & Pihl (1984) reported that 2 other species of palaemonid prawns in western Sweden occurred in greater numbers in seagrasses at depths > 1.5 m than at depths < 1.5 m. Water depth and distance offshore and upstream are also important in determining the distributions and abundances of postlarval and juvenile penaeid prawns in estuarine seagrasses (Young & Carpenter 1977 , Young 1978 . Water depth has also been shown to affect the sizes of prawns and fish in seagrasses (Stoner 1983b , Baden & Pihl 1984 , Middleton et al. 1984 , Emmerson 1986 ). Thus, the location and depth of a meadow may have significant effects on aspects of the demography of prawns in seagrasses, although it appears these factors do not affect all species the same way. Recent research indicates that the location of a meadow in an estuary, rather than the structure of the seagrasses canopy itself, may be more important in structuring communities in seagrasses (Bell & Westoby 1986 , Sogard et al. 1987 , Holmquist et al. 1989 , Sogard 1989 ). There have not been enough studies on prawns (carids or penaeids) in seagrasses, however, to ascertain the relative importance of these factors. Different prawns utilise seagrasses in different ways; for example, some species complete their whole life cycle in seagrass areas, whereas in other species only juveniles occur in seagrasses (Young 1977 , Howard 1984 , Bauer 1985a , b, Emmerson 1986 . Similarly, different species also have different habitat requirements; for example, some prawns (carids and penaeids) tend to live on the sediment surface or amongst the seagrass canopy (Bauer 1985a , Howard 1987 , whereas others tend to bury into the substratum amongst the roots of seagrasses (Bauer 198513) . Thus different factors may affect different prawns in different ways and generalisations concerning causative factors influencing their distributions and abundances may not be possible. Nevertheless, to fully understand the ways in which different factors influence organisms in seagrasses, it is imperative for future studies to investigate effects on individual species and to assess the consistency of results in space and time.
Spatial and temporal heterogeneity in demography There were no consistent differences in the demographic characteristics of populations of Macrobrachium in seagrasses in the Sydney region, and variability in demographic processes was similar over all spatial scales sampled: between populations 0.5 to 3 km apart in an estuary to populations 10 to 65 km apart in different estuaries. This spatial heterogeneity in demography was similar to the year-to-year demographic variability in populations of Macrobrachium as described by Gray (1991) for one estuary. Similarly, the seasonal changes in demographic characteristics of populations of Macrobrachium in Port Hacking were the same in this study as those found 5 to 7 yr previously, described by Gray (1991) . These studies confirm that the demography of Macrobrachium in seagrasses throughout the Sydney region follows the same general, though variable, pattern, as described in detail by Gray (1991) .
Intraspecific variability in the demographies of other palaemonid prawns in similar habitats in different estuaries in the same general geographic region have been shown to occur (Alon & Stancyk 1982 , Baden & Pihl 1984 , Emmerson 1986 ) and were generally attributed to differing environmental conditions between estuaries. In contrast, I have shown that variability in the demographic pattern of such prawns can differ as much within an estuary as among estuaries and that these variations were probably not solely due to differing environmental conditions between estuaries. It is most likely that these variations in demography of Macrobrachiurn reflect the natural level of stochastic variability in its life history pattern in this region. The previous studies on other palaemonid prawns did not assess within-estuary variability in demographic pattern nor the consistency of differences in demography through time, thus the conclusions reached in those studies differed from that in this study. It needs to be tested whether the demographies of other palaemonid prawns vary as much among different locations within an estuary as between estuaries. This study emphasises the need for adequate replication of treatments throughout appropriate spatial and temporal scales to fully assess variability in life history patterns of a species.
This study confirms that the general demographic pattern of Macrobrachium in seagrasses in the Sydney region differs to that for populations of Macrobrachium in seagrasses in higher latitudes (Victoria and Tasmania) in southeastern Australia (Walker 1979 , Howard 1984 see Gray 1991) . Briefly, the main differences are that Macrobrachium in the higher latitudes has a reduced period of reproduction (spring to summer), whereas breeding occurs year-round in the Sydney region. Subsequently, recruitment of juveniles is limited to between spring and autumn, peaking in summer, in Tasmania and Victoria, whereas some recruitment occurs all year in Sydney, with peaks in autumn and spring. Thus, there are marked latitudinal differences in some demographic characteristics of seagrass-dwelling populations of Macrobrachium over a distance of 1000 km, but not within the 65 km area in the Sydney region. Intraspecific variability in life history patterns of various marine organisms occurring in different regions have usually been attributed to differences in environmental conditions between geographic areas (Rothlisberg et al. 1985 , Brown-Peterson & Thomas 1988 . Differences in environmental conditions, namely water temperature, may account for differences in the demography of Macrobrachium between these regions in southeastern Australia, but variability in the demography of Macrobrachium popul a t i o n~ in the Sydney region was probably due to stochastic pertubations on individual populations. I conclude that variability in demographic characteristics among populations in the Sydney region were stochastic variations on a general underlying pattern which were caused by factors not detected in this study.
Although the demographic pattern of seagrass-dwelling populations of Macrobrachium was similar throughout the Sydney region, this does not say that other populations of Macrobrachium in different habitats (e.g. rock pools or mangrove creeks) in this region do not exhibit different demographic patterns, or that variability in demography among populations in different habitats is not less than that between regions. Populations of other palaemonid prawns occurring in seagrasses and in rock pools in the same geographic region have been shown to portray different demographies (Berglund 1982 , Emmerson 1985 , 1986 . Similarly, Fletcher (1984 Fletcher ( , 1987 showed that intraspecific variability in the life histories of some species of limpets were greater between intertidal and subtidal populations in the same region than between intertidal populations in different regions. Further research is needed to determine the extent of variability in the demography of Macrobrachiurn in different habitats throughout its distribution. Such research is essential to determine the plasticity in life history pattern of Macrobrachium and also to assess the effects of environment on the life history characteristics of this species.
